Abstract. Several key techniques on development of portable UV-Vis Spectrophotometer are reported in this paper. A miniaturized dispersion system (100*100*50mm3) with the optical fiber slit as the entrance slit is developed based on Hamamatsu array detector S3904 -1024Q and flat field concave holographic grating. The touch screen is employed as the control and display equipment of the spectrophotometer in place of liquid crystal display and keyboard, the miniaturized fiber-coupled UV-Vis light source is employed as the light source. Calibration of the prototypes show that the new spectrophotometer developed on these techniques is miniaturization in volume (190*170*100mm3), can realize in-situ and multiwavelength detection on-line, is easily handled (touch screen control) and better performance.
Introduction
Portable, suitable for in-situ and on-line measurement UV-Vis spectrophotometers are expected by the consumers for the conventional ones featuring large volume, slow measurement speed and not suitable for in-situ and on-line measurement. [1, 2] In the 1970s, with the development of solid-state-array detectors [3] , optical fibers, flat field concave gratings [4] and touch screen, the possibility of designing a portable UV-Vis spectrophotometer has become true. In this paper, some key techniques on development of portable UV-Vis spectrophotometer are put forward.
The Design of Dispersion system
Dispersion system is the key part in UV-Vis spectrophotometer. Conventional UV-Vis spectrophotometers feature revolving grating with exit slit and the single photo detectors (such as PMT). In the 1970s, with the advances in light detectors, a new generation of detectors-array detectors-has been developed [7] . Compared with the single channel photo detector, it can capture full spectra instantaneously; the dispersion system based on it has no moving parts.
For a conventional concave grating, the diffracted spectrum is focused on the Rowland circle and thus the detector should be placed along the circle. There is no problem for flexible detectors such as the photographic film or thin plate, but it is difficult for the photoelectric detectors with flat sensitive surfaces such as array detectors to fit with the circumference of the Rowland circle. Thus it is impossible to use these photoelectric detectors to obtain timeresolved spectra simultaneously at several wavelengths. At the beginning of the 1980's, a special kind of grating, the so-called flat field concave holographic grating was developed, in which diffracted rays are focused onto a flat plane. Therefore the coupling between the faced array detectors and the focal plane of the spectrograph was readily solved [4, 5] .
The configuration of dispersion system based on flat field concave holographic grating and array detector is shown in Fig.1 , which is readily miniaturized if a grating with short input and output arms is selected. In this paper, the array detector is selected as Hamamatsu's S3904 -1024Q (spectral response range 200-1100nm, photosensitive area 25.6mm * 2.5mm), the flat field concave holographic grating should be chosen according to the following requirements [6, 7] .
1. The spectral response range must cover 200nm -800nm. 2. The size should be small. 3. The length of diffracted spectrum must be shorter than the length of the photosensitive area of the array detector.
4. The output arm and input arm must be short.
Among the products of many producers, we select one (JY's 52300900) with the following characteristics.
1. The spectral response range is 200-800nm.
2. The size of the grating is rectangle; the volume is 40*40*10.
3. The length of diffracted spectrum is 25.4mm, less than 25.6mm. 4. The output arm is 80cm and the input arm is 77cm. In order to solve the contradiction between the spectral resolution and energy-utilizing ratio of the light source [8, 9] , multi-band optical fibers (SMA905 connector) is employed, which one side of the multi-bands optical fiber is arranged to be rectangle as the incidence slit, the configuration of the optics fiber's ends is shown in Fig.2 and Fig.3 [10, 11] . Final volume of the dispersion system is 100mm*100mm*50mm. If it is assumed that the actual width of the entrance slit is Fin, spectral resolution is ∆λ, the length of grating's input arm is Lin, and the length grating's output arm is Lout, equation (1) shows the relationship between actual width of entrance slit and spectral resolution.
Where λm is the maxim end of the spectral response range (800nm), λn is the minimum end of the spectral response range (200nm), as shown in the Fig. 4 . We test the spectral resolution by different widths of entrance slit, results are shown in Table 1 . We got the results in Table 1 by measuring the spectral width of the Hg light peaks, the maxim one is regarded as the result in Table 1 .
Selection of Miniaturizied light source
Conventional light sources for UV-Vis region are large volume Tungsten light and Deuterium light requiring driving circuit and cooling equipment, and not suitable for the portable instrument. The development of the integrated fiber-coupled UV-Vis light sources makes the light source miniaturization possible. Now there are many companies having their own products. In this paper, we select a product with SMA 905 as the interface [6, 7] made by Heraeus Inc. (as shown in Fig.6 ) [12, 13] . 
Inside of spectrophotometer
In our instrument, the touch screen is employed as the control and display equipment. In the conventional one, the computer monitor as the display equipment, the keyboard as the control equipment, or the liquid crystal as the display equipment and keyboard as the control equipment [14] [15] [16] . With the use of touch screen, the display equipment and control equipment will become one (the touch screen as both control and display equipment). In this paper, we select a touch screen with the volume 100mm*80mm*5mm.
There are five parts in our portable spectrophotometer: touch screen; the miniaturized dispersion system (the driving circuit for array detector is installed inside the system, in order to avoid the electromagnetic inference); the integrated fiber-coupled UV-Vis light source (shown as the Fig.5) ; battery (8 hours continuous work for field and in-situ use); main control electric board (including the driving circuit for touch screen and the transmission circuit getting spectral data from array detector driving circuit, then plot the spectrum on touch screen). The inside configuration of the spectrophotometer is shown in Fig.6 . The cuvette and the probe are placed outside the spectrophotometer, while optical fiber connects them with the light source and the dispersion system. By doing this, the volume of the spectrophotometer can be further reduced and long-distance measurement is realized (the distance decided by the length of the optical fiber). The outlook of our portable spectrophotometer is shown in Fig.7 .
The final volume of the spectrophotometer is 190mm*170mm*100mm. Calibration of this spectrophotometer is achieved by measuring the following items: spectral range, stray light, wavelength recurrence error, SNR, baseline, volume, working style. The results are in Table  2 . The stray light is 0.8%, because inside the dispersion system there is no exit slit to shelter the diffuse reflection light from the detector. Although the internal surface of the dispersion system is blacked, it is also difficult to depress the stray light. How to depress it is the future work. Because of no moving parts in the dispersion system, wavelength recurrence error 0nm is a predicted result. To test the transmission accuracy of the spectrophotometer, the standard sample -the Chinese National Standard #9 -is measured for vision region, the results are shown in Table  3 . For the UV region, the K2Cr2O7 standard solution is measured (ambient temperature 25C°) with the result shown in Table 4 . All the results above were the 3 -times averaging results, from the results above, we can draw a conclusion that the transmission accuracy of the spectrophotometer is about 0.71%.
Conclusion
In this paper, several key techniques on designing portable UV-Vis spectrophotometer are introduced, calibration results of the prototypes show that the developed spectrophotometer based on this method is portable, better performance and useful. The developed portable UV-
